The accumulation of Ni from the model aqueous solution (100 mg/L) by pellets of Aspergillus niger (A. niger) together with the green algae Chlorella sp., as a microbial consortium, during five days was compared. In the experiment, already formed pellets were used (5 mL A. niger conidia in Sabouraud Dextrose Broth, shaked with 200 rpm for 5 days). The experiment was carried out under static and also dynamic conditions at 25 °C. Oxidation-Reduction-Potential (ORP) and pH were measured as well in the first, third and fifth days. Microbial consortium (A. niger with Chlorella sp.) was found always more effective -reduction of the Ni content was higher 48.95 mg/L (under static conditions) and 56.45 mg/L (dynamic conditions), pH values were medium acidic (5.84 static conditions), to weak acid (6.52 dynamic conditions). Monitored ORP values were significantly reduced in the range of -309 mV up to -385 mV in the Ni model aqueous solution, when the both microorganisms were present. This reduction was attributed to the anoxic conditions occurred when the Reactive Oxygen Species (ROS) radicals were produced by the photoactive pigments in the algae chloroplasts.
Introduction
A wide range of microorganisms have considerable application in environmental biotechnologies as removal of heavy metals and toxic elements not only from water but also from the solid substrates [1, 2] . Co-cultivation of fungal and microalgal cells is of increasing attention because of high efficiency of bio-flocculation of microalgal cells with no requirement for added chemicals and low energy inputs. Moreover, some fungal and microalgal strains are well known for their exceptional ability to purify waste water, generating biomass that represents a renewable and sustainable feedstock for biofuel production [3] . Association of A. niger fungal pellets and green algae Chlorella vulgaris is used in many variable experiments [4, 5] . Nickel is an element that occurs in the environment only at very low concentrations and is essential in small doses, but it can be dangerous when the maximum tolerable amounts are exceeded [6] . The aim of our study was to compare the accumulation of Ni from the model aqueous solution by the pellets of A. niger wild type strain together with the green algae Chorella sp. during five days.
Material and methods
Microscopic filamentous fungus A. niger was isolated from ultra acidic Dystric Cambisol (pH 3.0) from the locality Banská Štiavnica -Šobov (Slovakia) [7] . In all experiments already formed pellets were used. Pellets were prepared from 5 mL of A. niger conidia in SDB (Sabouraud Dextrose Broth Liquid Then pellets were washed with distilled water very carefully into 50 ml of nickel model aqueous solution (100 mg/L) or in 50 ml of distilled water (control samples number 36, 45, 51 and 60). The experiment was carried out understatic and also under dynamic conditions (shakead at 200 rpm) at 25 °C. Green algae Chlorella sp. was supplied by the Institute of Microbiology of the Czech Academy of Sciences, Opatovický Mlýn, Czech Republic. The amount of 3 g was added to pellets of A. niger. Conditions of the experiment are shown in the Table 1 . -
Also pH and Oxidation-Reduction-Potential (ORP) were measured during the experiment, on the first, third and fifth days. At the end of experiment, the suspension of microorganisms were filtered off. Samples of nickel model aqueous solutions were analysed on plasma-induced emission spectrometer (ICP Profile Plus, Teledyne Leeman Labs, USA).
Results and discussion
At the beginning of the experiment pH of distilled water was measured (6.94), of the nickel model aqueous solution ( It can be assumed under dynamic conditions, the quantity of organic acids increased, thus, caused decrease in pH (Tab. 2). While the pH values ranged from 5.67 to 6.04, the ORP ones varied between -309 mV and -385 mV, in the solutions with algal biomass present ( Table 2 ). When the cell walls of the algae disrupted, having resulted in leakage of intracellular aminogroups, the pH increase and ORP depression were measured. Ni concentration in the solution was lower in the presence of the both microorganisms´ consortium. This reduction was attributed to the anoxic conditions that occurred when Reactive Oxygen Species (ROS) radicals were produced by the photoactive pigments in the algae chloroplasts. (Table 3) . --Among aspergilli, the strain of A. niger is metabolically highly versatile. It has an innate ability to secrete various organic acids, incl. malic, oxalic, gluconic, itaconic, kojic and citric acids. This fungal strain is very highly adaptable to living under environmental burden conditions or in extreme stress with the presence of toxic elements. Due to these abilities, A. niger often posses enormous biotechnological potential and it can be considered as a source of useful organic acids to be exploited in mycoremediation of contaminated sites through bioleaching of heavy metals and toxic elements [9, 10] .
Conclusion
Consortium of micoorganisms (Aspergillus niger and Chlorella sp.) is often more effective in reduction of heavy metals or toxic elements from the environment as individual species of microorganism alone. For that this consortium has considerable application in environmental biotechnologies.
